Abstract Purpose: Aberrant expression ofT-cell coregulatory molecules has been investigated as a mechanism by which certain cancers may evade host immune surveillance.We evaluated expression of theT-cell coregulators B7-H1, B7-H3, and PD-1in urothelial cell carcinoma (UCC) of the bladder. Experimental Design: Immunohistochemistry for B7-H1, B7-H3, and PD-1was done onparaffinembedded sections from 318 consecutive patients with UCC who underwent radical cystectomy. Expression was correlated with clinicopathologic outcomes and postoperative survival. Results: B7-H3 was widely expressed in UCC, as 222 of 314 (70.7%) tumors showed positive staining. Expression of B7-H3 in UCC was significantly increased compared with adjacent, nontumor urothelium, as a median of 70% of tumor cells expressed B7-H3, compared with 20% of cells in nontumor specimens (P < 0.001). The increase in B7-H3 expression was independent of tumor stage (P = 0.13). Expression of B7-H1by UCC tumors (P < 0.001) and PD-1by tumorinfiltrating lymphocytes (P = 0.012) were significantly associated with increased pathologic stage. Patients who had received intravesical bacillus Calmette-Guerin before cystectomy tended to show increased expression of B7-H3 (P = 0.023) and PD-1 (P = 0.071) but were less likely to express B7-H1 (P = 0.027). Moreover, for the subset of patients with organ-confined disease (n = 167), B7-H1 expression independently predicted all-cause mortality after cystectomy (hazard ratio, 3.18; 95% confidence interval, 1.74-5.79; P < 0.001).
Urothelial cell carcinoma (UCC) of the bladder is the second most common malignancy of the genitourinary tract, and the second most common cause of death among genitourinary tumors, with an estimated 67,160 new cases and 13,750 deaths in 2007 (1) . Interestingly, patients with UCC show evidence of an acquired immune dysfunction, particularly affecting lymphocytes (2, 3) . In fact, circulating T cells from bladder cancer patients have been found to be unresponsive to polyclonal T-cell activation compared with healthy donor cells (4) . Nevertheless, the etiology of UCC-related immune dysfunction remains to be established.
One mechanism that has been described for tumorassociated immune suppression in certain cancers is the aberrant expression of inhibitory T-cell coregulatory molecules by tumor cells (5 -16) . Inhibitory T-cell coregulators, which are normally expressed only on lymphoid cells, may downregulate the antigen-specific T-cell response by inducing T-cell anergy or apoptosis (15) . Because T cells play an integral role in mediating antitumoral immunity, expression of inhibitory T-cell coregulators by tumor cells has been postulated as a mechanism by which these cancers may evade the host immune response.
In particular, the B7 family of immune coregulatory proteins contains several ligands that are expressed by various human cancers and have been implicated as inhibitors of T-lymphocyte function (5 -17) . We previously showed that clear cell renal cell carcinoma tumors express the T-cell coregulator B7-H1, also known as Programmed Death-Ligand 1 (10 -12) . We further reported that renal cell carcinoma B7-H1 -positive tumors are associated with a significantly increased risk of disease progression, cancer death, and overall mortality (10 -12) . Moreover, we noted that expression of the B7-H1 receptor Programmed Death-1 (PD-1) by mononuclear immune cells infiltrating renal cell carcinoma tumors similarly predicted adverse tumor pathology and clinical outcome (5) .
Recently, we found that B7-H3, another member of the B7 family, which shares an f25% sequence homology with B7-H1 (18) , is expressed by normal human prostate epithelial cells, and is expressed even more intensely by prostate cancer cells (19) . In addition, we showed that B7-H3 expression correlated with adverse pathologic features in prostate cancers, and with an increased risk of disease recurrence for patients after radical prostatectomy (19) .
Given evidence for an immunosuppressive state in bladder cancer patients (2 -4), we thus hypothesized that one mechanism for disease progression in UCC might be impairment of the host immune response through aberrant expression of inhibitory T-cell coregulatory molecules. However, limited data exist on the expression of T-cell coregulatory molecules in UCC to date. A previous study by our laboratory using tissue microarray analysis of an external, multi-institutional cohort of bladder cancer patients showed that B7-H1 expression was associated with advanced tumor stage (7) . This association of B7-H1 expression with stage progression was confirmed by a separate investigation of 65 patients with UCC, which included cancers of the renal pelvis, ureter, and bladder (6) . Moreover, expression of the B7-H1 receptor PD-1 on tumor-infiltrating lymphocytes (TIL) in UCC was noted in a subset of 13 randomly selected patients from this study (6) . The expression of B7-H3 has not, to our knowledge, been reported in human bladder cancer.
Herein, we examined B7-H1, B7-H3, and PD-1 protein expression in a large, consecutive series of patients with UCC treated with radical cystectomy at our institution. We report that B7-H3 expression is significantly up-regulated in UCC compared with noncancerous urothelium across all pathologic tumor stages. In addition, we validate the association of B7-H1 expression with stage progression in bladder cancer and extend these findings to show that expression predicts postoperative mortality for patients with organ-confined tumors on longterm follow-up. Lastly, we report that expression of PD-1 by TILs within bladder cancers correlates with advanced tumor stage and with tumor expression of B7-H1. Together, these data suggest that T-cell coregulators may represent novel diagnostic or prognostic markers, as well as potential targets for alternative immunotherapy approaches, in patients with UCC of the bladder.
Materials and Methods
Patient selection. Upon approval from our Institutional Review Board, we reviewed the Mayo Clinic Cystectomy Registry to identify 410 consecutive patients treated with radical cystectomy between 1990 and 1994. This cohort was chosen to allow a minimum of 10 y of follow-up when assessing the association of expression with clinical outcomes. Patients with non-UCC histology, patients who underwent cystectomy for benign indications, and patients in whom no tissue was available for study were excluded from analysis.
Clinical characteristics collected included age, gender, smoking history, Eastern Cooperative Oncology Group (ECOG) performance status, receipt of preoperative intravesical bacillus Calmette-Guerin (BCG) therapy, and receipt of chemotherapy before cystectomy (neoadjuvant) or within 3 mo of surgery (adjuvant). The pathologic features examined included tumor stage, tumor grade, lymph node status, and the presence of lymphocytic infiltration within the bladder tumor. For follow-up, a registered nurse abstractor has updated patients' disease status and vital status annually through a review of the Mayo medical record, crosslinks with the Mayo Tumor Registry, and letters to both patients and local physicians. For those patients who have died, the cause of death was determined using the underlying cause of death listed on the death certificate or from direct correspondence with the local physician.
To assess the expression of T-cell coregulatory molecules in metastatic lymph nodes from patients with UCC, a second cohort of 66 patients who underwent radical cystectomy for lymph nodepositive disease between 1996 and 2004 at the Mayo Clinic was identified. As nodal tissue was frequently not available in patients treated from 1990 to 1994, this more recent group allowed for a matched comparison of molecule expression in metastatic lymph nodes versus in the corresponding primary bladder tumors.
Immunohistochemistry. Formalin-fixed, paraffin-embedded tissues were cut into 5-Am sections, deparaffinized, and rehydrated in a graded series of ethanols. Staining of paraffin-embedded sections for B7-H1 was done as previously described (10) . For B7-H3 and PD-1, antigen retrieval was done by heating tissue sections in 1 mmol/L EDTA (pH 8) to 121jC using a Digital Decloaking Chamber (Biocare Medical), cooling to 90jC, and incubating for 5 min. Sections were washed in Wash Buffer (Dako) before being placed onto the Autostainer Plus (Dako).
Sections were then blocked for endogenous peroxidase for 5 min using Endogenous Blocking Solution (Dako), washed twice, and incubated for 5 min in Serum-Free Protein Block (Dako), followed by incubation for 60 min in purified goat anti-human B7-H3 antibody (R&D Systems) diluted 1:400 with DaVinci Green antibody diluent (Biocare Medical) or purified goat anti-human PD-1 antibody (R&D Systems) diluted 1:40. Sections were incubated for 15 min in probe from Goat horseradish peroxidase Polymer kit (Biocare Medical #GHP516L), washed, and incubated for 15 min with polymer from Goat horseradish peroxidase Polymer kit. Sections were visualized by incubating in Betazoid 3,3 ¶-diaminobenzidine (Biocare Medical) for 5 min. Sections were then counterstained with hematoxylin, dehydrated in ethanol, cleared in xylene, and coverslipped. The specificity of the antibodies used here has previously been validated (10, 18) .
To further characterize the TILs noted to have high levels of PD-1 expression, serial sections from 12 patients with marked TIL PD-1 expression were prepared as above. The additional sections were then either incubated with mouse monoclonal anti-human CD4 antibody (Novocastra Laboratory) diluted 1:200 and visualized with Betazoid 3,3 ¶-diaminobenzidine (Biocare Medical), or were double stained by
Translational Relevance
The data here represent an analysis of >300 patients with urothelial cell carcinoma of the bladder treated with radical cystectomy with >10 years of postoperative follow-up. Because survival rates for patients with muscle-invasive bladder cancer have not appreciably increased in recent years, better methods of risk stratification to characterize those patients who would most benefit from an aggressive multimodal treatment approach, as well as identification novel therapeutic targets, are needed to improve patient outcomes.
We evaluated protein expression of theT-cell coregulatory molecules B7-H1, B7-H3, and PD-1in urothelial cell carcinoma tumors and tumor-infiltrating lymphocytes using immunohistochemistry. Our results provide the first report of B7-H3 expressioninurothelial cell carcinoma, describe the association of B7-H1and PD-1expression with localized stage progression, and show the independent prognostic value of B7-H1for predicting survival in patients with organ-confined bladder cancer. Together, these data indicate potentially important diagnostic, prognostic, and therapeutic implications of T-cell coregulatory molecule expression by urothelial cell carcinoma tumors. Staining quantification. In accordance with our prior studies in renal cell carcinoma (10, 12, 18) , the percentage of tumor cells that stained positive for B7-H1 was quantified in 5% increments. Tumors were considered positive for B7-H1 if there was histologic evidence of cell surface membrane staining in 5% or more of cells. Cases with <5% tumor staining were considered negative. The percentages of tumor and adjacent, nontumor cells that stained positive for B7-H3 were quantified in 10% increments, consistent with our previous evaluation of B7-H3 expression in prostate cancer (19) . Cases with <10% of cells staining for B7-H3 were considered negative. Staining for PD-1 on TILs was recorded as absent, focal, moderate, or marked. All quantitation was done by a urologic pathologist (Y.S.) without knowledge of patient outcome.
Statistical methods. Associations of B7-H1, B7-H3, and PD-1 staining with clinicopathologic features were evaluated using KruskalWallis, Wilcoxon rank-sum, m 2 , and Fisher's exact tests, as appropriate. The duration of patient follow-up was calculated from the date of cystectomy to the date of disease progression, death, or last known follow-up, depending on the outcome measure of interest. Comparisons of outcome between patients with and without archived tissue available for study were evaluated using a log-rank test. The associations of B7-H1, B7-H3, and PD-1 expression with patient outcome were evaluated using Cox proportional hazards regression models and were summarized using hazard ratios (HR) and 95% confidence intervals (CI). Survival after cystectomy was estimated using the Kaplan Meier method. Statistical analyses were done using the SAS software package (SAS Institute). All tests were two-sided, and P values of <0.05 were considered statistically significant.
Results
Clinicopathologic features of the study population. We identified 410 patients treated with radical cystectomy between 1990 and 1994, of whom 318 (77.6%) had paraffin-embedded tissue blocks available for analysis. There was no statistically significant difference in death from any cause (P = 0.21) or death from bladder cancer (P = 0.26) after cystectomy between patients with and without tissue available for study. Clinicopathologic features for the 318 patients studied here are summarized in Table 1 . Median age at cystectomy was 69 years (range, 37-90 years).
B7-H3 expression in UCC. We found that B7-H3 was expressed by 222 of 314 (70.7%) of the bladder tumors evaluated and was uniformly expressed by the basal, middle, and luminal cell layers of the urothelium (Fig. 1) . The intensity of expression was noted to be weak, moderate, and diffuse in 36 of 314 (11.5%), 134 of 314 (42.7%), and 52 of 314 (16.6%) cases, respectively. Adjacent, nontumor urothelium was available for analysis in 146 patients, and B7-H3 expression was detected in 107 (73.3%) of these specimens as well, primarily localized to the luminal, umbrella cells of the urothelium. The level of B7-H3 expression was significantly increased in UCC compared with nontumor urothelium, such that, among the 222 B7-H3 + tumors, a median of 70% (range, 10-100%) of cancer cells showed expression, versus a median of 20% (range, 10-70%) of urothelial cells in the 107 patients with B7-H3 + nontumor bladder specimens (P < 0.001; Wilcoxon signed-rank test).
B7-H3 expression in UCC occurred across all tumor stages, as B7-H3 + tumor cells were noted in 44 of 54 (81.5%) pTa/T1 lesions, 30 of 42 (71.4%) cases of carcinoma in situ, and 146 of 216 (67.6%) pT2-T4 tumors (P = 0.13). Similarly, the intensity of B7-H3 staining was equivalent among these stages as well (P = 0.41). B7-H3 intensity was, however, noted to be significantly increased in the UCC specimens from patients who had received preoperative BCG therapy, as 15 of 56 (26.8%) patients treated preoperatively with BCG had diffuse B7-H3 staining, compared with 37 of 258 (14.3%) patients who were not treated with BCG before cystectomy (P = 0.023). B7-H3 expression was not associated with gender (P = 0.59), smoking history (P = 0.67), ECOG performance status (P = 0.097), or with the receipt of neoadjuvant chemotherapy (P = 0.15), although the median age at cystectomy for patients with B7-H3 + tumors was 67 years (range, 37-86 years) versus 71 years (range, 43-90 years) for patients with B7-H3 -tumors (P = 0.019). As nearly all (90.3%) of the tumors from the study cohort here were classified as grade 3/4, reflecting the adverse pathology consistent with a population of cystectomy + cells within tumors were found diffusely throughout the cell layers of the urothelium (Fig. 1) . Expression was noted primarily on the cell membrane, although additional, cytoplasmic staining was occasionally detected. B7-H1 expression was tumor-specific, as only rare, focal staining was noted on adjacent, nontumor urothelium. Consistent with previous reports (6, 7), B7-H1 expression was significantly associated with advanced tumor stage at cystectomy (P < 0.001; Table 2 ). We also noted here a significant increase in B7-H1 expression among tumors with a greater degree of TILs (P < 0.001). Moreover, contrary to the direct association noted between prior BCG treatment and B7-H3 staining, patients who received preoperative BCG were found to be less likely to express B7-H1 in their tumors at the time of cystectomy (P = 0.027).
PD-1 expression in UCC. Expression of the B7-H1 receptor PD-1 was detected on TILs in 300 of 314 (95.5%) patients (Fig. 1) . Expression was focal, moderate, and marked in 166 immune cells were noted to be of higher pathologic stage (P = 0.012) and to contain a greater degree of lymphocytic infiltration (P < 0.001; Table 2 ). As noted with tumor expression of B7-H3, patients with moderate or marked expression of PD-1 on TILs tended to be more likely to have received BCG before cystectomy (P = 0.071). Interestingly, we also found that TIL PD-1 expression correlated with tumor expression of B7-H1, as 28 of 37 (75.7%) patients with B7-H1 + tumors had moderate or marked PD-1 expression on TILs, whereas only 105 of 274 (38.3%) patients with B7-H1 -tumors had moderate or marked PD-1 expression on TILs (P < 0.001).
To further characterize the population of PD-1 + TILs, we evaluated serial section CD4, CD8, and granzyme B expression in a subset of 12 patient tumors exhibiting marked TIL PD-1 expression. We observed that nearly all intratumoral PD-1 + lymphocytes were CD8 + (representative case illustrated in Supplementary Fig. S1 ), with few PD-1 + CD4 + cells. In addition, we noted that <1% of the PD-1 + CD8 + T cells expressed granzyme B, a marker of active CD8 + T cells. Associations of T-cell coregulatory molecule expression with clinical outcome. At last follow-up, 235 patients had died at a median of 2.7 years after cystectomy (range, 0.01-14.8). Among these 235 deaths, 102 patients died from UCC, at a median of 1.6 years after cystectomy (range, 0.08-14.1), 79 died from other causes, and 54 died from unknown causes. Among the 83 patients still alive at last follow-up, the median duration of follow-up was 13.7 years (range, 0.08-17.7). In this overall cohort of patients, we found no association between B7-H1, B7-H3, or PD-1 expression and disease progression after cystectomy, all-cause mortality, or cancer-specific mortality (Table 3) . Similarly, no significant associations with survival were noted when we assessed the effect of combined expression of the ligand B7-H1 and its receptor PD-1 on outcome after cystectomy.
Given the associations of B7-H1 and PD-1 staining with tumor stage, however, we then separately evaluated the prognostic value of T-cell coregulatory molecule expression in patients found to have organ-confined (pTa/pT1/CIS/pT2 NX/N0 M0) versus nonorgan-confined (pT3/T4N any M any or pT any N+M any or pT any N any M+) disease at cystectomy. In total, 167 of 316 (52.8%) patients had pathologically organ-confined tumors. From this cohort, 48 patients experienced disease progression at a median of 2.3 years after cystectomy (range, 0.17-14.2), and 113 patients died after surgery at a median of 5.0 years postoperatively (range, 0.01-14.8), including 39 who died from UCC at a median of 3.3 years after cystectomy (range, 0.08-14.1). Cause of death in the remaining 74 patients with organ-confined disease who died after radical cystectomy included cardiovascular disease (n = 20), other cancers (n = 17), pulmonary disease (n = 6), renal failure (n = 5), other medical conditions (n = 5), and was unknown in 21 patients. Among the 54 patients still alive at last follow-up, the median duration of follow-up was 13.6 years (range 0.02-17.5).
For the patients with organ-confined disease, we found that tumor B7-H1 expression was a significant predictor of all-cause mortality after cystectomy on univariate analysis (HR, 2.18; 95% CI, 1.26-3.77; P = 0.005; Table 3 ). Overall survival of patients with organ-confined disease after cystectomy, stratified by tumor B7-H1 expression, is depicted in Fig. 2 . Based on these findings, we then assessed the ability of B7-H1 expression to predict postoperative mortality for patients Table 2 . Association of B7-H1 and PD-1 expression with clinical and pathological features with organ-confined disease on a multivariate analysis controlling for age at surgery, ECOG performance status, smoking history, and tumor stage (Table 4) . Lymphocytic infiltration and receipt of BCG therapy before cystectomy were found not to predict mortality on univariate analysis (data not shown) and were not included in the multivariate model. Furthermore, only seven patients in this group received neoadjuvant chemotherapy, and no patient received adjuvant chemotherapy; therefore, the effect of these variables could not be evaluated here. In addition, as 90% of the tumors in our series were classified as grade 3/4, and no grade 1 cancers were recorded, the independent effect of tumor grade was likewise not assessed. Importantly, B7-H1 remained highly associated with death from any cause after surgery on multivariate analysis, as patients with organ-confined B7-H1 + tumors were 3.18 times more likely to die after cystectomy than patients with organ-confined B7-H1 -tumors (HR, 3.18; 95% CI, 1.74-5.79; P < 0.001).
At the same time, although patients with organ-confined B7-H1 + tumors were found to be 59% more likely to die from UCC compared with patients with organ-confined B7-H1 -tumors, this difference did not reach statistical significance (P = 0.38), likely due to the few deaths from UCC in patients with organ-confined disease, which limited the statistical power needed to detect this difference as statistically significant. Similarly, B7-H1 expression was not a significant predictor of disease-free survival for patients with organconfined disease (P = 0.69; data provided in Table 3 and Supplementary Fig. S2 ). Moreover, analyzing the combined expression of B7-H1 and its receptor PD-1 yielded no additive prognostic value. In addition, no significant associations of B7-H1, B7-H3, or PD-1 expression with cancer death were noted among the 149 patients diagnosed with nonorgan confined disease (data not shown).
Matched expression in bladder tumors and metastatic lymph nodes. Expression of B7-H1, B7-H3, and PD-1 were evaluated from matched bladder tumor and metastatic lymph node specimens from 66 patients with T any N+ UCC of the bladder who underwent radical cystectomy and bilateral pelvic lymph node dissection at our institution between 1996 and 2004. We found that expression of each of these three molecules was highly correlated between the primary tumors and metastatic nodes (staining illustrated in Supplementary Fig. S3 ), such that 51 of 53 (96.2%) of these patients with B7-H3 + bladder tumors also expressed B7-H3 in the nodal metastases, with no significant difference in the distribution of intensity of staining between the lymph node and bladder specimens. Likewise, 6 of 7 (85.7%) patients with B7-H1 + bladder tumors also showed expression in the corresponding metastatic lymph nodes. PD-1 Fig. 2 . Association of B7-H1expression with overall survival for the 167 patients with organ-confined UCC of the bladder. Overall survival rates (SE, number still at risk) at 1, 5, and 10 y after cystectomy were 93.8% (2.0%, 135), 68.6% (3.9%, 96), and 50.0% (4.2%, 70), respectively, for patients with organ-confined B7-H1 -tumors compared with 58.8% (11.9%, 10), 41.2% (11.9%, 7), and 29.4% (11.1%, 5), respectively, for patients with organ-confined B7-H1 + tumors (P = 0.005). 
Discussion
We present what is to our knowledge the first report of expression of the inhibitory T-cell coregulator B7-H3 in UCC of the bladder. We show significantly increased expression of B7-H3 in UCC compared with nontumor urothelium, and note that this up-regulation of expression occurred even in low-stage lesions, suggesting that increased B7-H3 expression may represent an early event in the malignant transformation of urothelial cells. At the same time, we confirm the association of tumor B7-H1 and TIL PD-1 expression with advanced tumor stage, using the largest series of UCC specimens, which have been evaluated for T-cell coregulator expression to date. Moreover, we describe a significant correlation between expression of B7-H1 by UCC tumor cells and expression of the B7-H1 receptor PD-1 on TILs. Furthermore, we report that B7-H1 expression by UCC tumors is an independent predictor of mortality after cystectomy in patients with organ-confined disease.
Over the last decade, increasing evidence has suggested that Tcell function and survival are governed by a balance between positive and negative T-cell coregulatory signaling molecules (20) . The central role of the B7 family of coregulatory ligands in regulation of the antigen-specific T cell -mediated immune response is well-established (21) . For example, B7-H1 and its receptor, PD-1, are members of the B7 family, which govern the activation of naBve T cells as well as the deletion of activated T cells (16, 20) . In vitro and in vivo studies show that binding of PD-1 by B7-H1 inhibits T-cell proliferation, survival, or function, whereas blockade of PD-1 promotes autoreactive T-cell and autoantibody production (22) . B7-H3 is also thought to serve as an accessory coregulator of T-cell responses after initial antigen priming (23) . Although the precise role of B7-H3 remains undefined, most recent studies support its function as an immune inhibitor (17, 24) . However, unlike B7-H1, the receptor for B7-H3 has yet to be identified.
Although the expression of B7 molecules is typically restricted to monocyte-derived cells, aberrant expression of these ligands by various human cancers has been described (5 -16) . In particular, tumor-associated B7-H1 has been shown to inhibit antitumoral T-cell immunity by interacting with T-cell PD-1 or a putative non -PD-1 receptor to induce tumorspecific T-cell apoptosis or to impair T-cell cytokine production and cytotoxicity (15, 25, 26) .
Bladder cancer is a particularly immunogenic malignancy, as pathologic UCC specimens have been shown to harbor TILs (27 -30) , and in fact the presence of CD8 + TILs has been shown to predict survival in muscle-invasive UCC (30) . At the same time, however, patients with bladder cancer exhibit a tumor-associated immunologic suppression, particularly evident as an impaired T-cell response (2 -4, 31) . Indeed, bladder tumors have been shown to be infiltrated by T regulatory cells, and to express high levels of inhibitory cytokines (4) , which may in part explain the immune dysfunction. Thus, we investigated the aberrant expression of T-cell coregulatory molecules, which have been shown in other model systems to inhibit the immune response (14, 15, 17, 22, 25, 26) , by UCC cells and TILs.
We show aberrant T-cell coregulatory molecule expression at various stages of UCC in the bladder. The finding of a significant up-regulation of B7-H3 expression in tumor tissue versus nontumor urothelium, for example, together with the fact that this increased expression occurs across all pathologic stages of UCC, suggest a possible role for B7-H3 up-regulation early in the malignant transformation of urothelial cells. In addition, as we noted that tumor expression of B7-H1 was significantly associated with TIL expression of the B7-H1 receptor PD-1, similar to what we have observed in renal cell carcinoma (5), the potential exists for B7-H1 on UCC cells to interact with PD-1 on the TILs and thereby impair the function and survival of host immune cells. Consistent with this hypothesis, we observed that the majority of infiltrating intratumoral PD-1 + lymphocytes were CD8 + granzyme B -T cells, suggesting the possibility that PD-1 expression, or the PD-1/B7-H1 interaction, suppresses the ability of tumorinfiltrating CD8
+ T cells to acquire or maintain full cytolytic capacity. Interestingly, blockade of the PD-1/B7-H1 interaction has been shown to restore granzyme B expression in CD8 + T cells with impaired activity in the setting of hepatitis C infection (32) . Moreover, as has been shown with p53 expression (33), we found that the expression pattern of B7-H1, B7-H3, and PD-1 match closely between the primary bladder tumor and nodal metastases from patients with lymph node -positive UCC. Additional study is required to establish whether aberrant T-cell coregulatory molecule expression functions to facilitate the metastatic process by aiding in host immune evasion.
Our observation that B7-H1 expression predicts postoperative mortality in patients with organ-confined tumors may have important implications for the management of patients after cystectomy as well. To date, adjuvant chemotherapy trials in bladder cancer have shown a survival advantage primarily for patients with pathologic evidence of extravesical or lymph node -positive disease (34, 35) . Nevertheless, despite improvements in surgical technique and perioperative care, the survival rates of patients undergoing cystectomy for organ-confined bladder cancer have not significantly improved in recent years (36) . Indeed, the 5-year overall survival for patients with muscle-invasive, organ-confined bladder cancer from multiple current series has been reported between 60% and 75% (37 -39) . Thus, select patients even with what is considered relatively favorable pathology may benefit from treatment in addition to surgery.
However, given the potential morbidity associated with perioperative chemotherapy, identifying those patients with organ-confined tumors at highest risk for disease progression remains important to avoid overtreatment. Accurate risk stratification may guide patient counseling and surveillance regimens, and may facilitate the enrollment of high-risk patients in adjuvant therapy trials. Molecular biomarkers have been investigated as a means to add additional prognostic information to the recognized clinical predictors of tumor biology, and thereby help characterize an individual patient's risk of disease progression after surgery (40 -42) . With external validation, B7-H1 may represent such a marker for patients with organ-confined disease.
Although we did not find an association between B7-H1 expression and death from UCC, B7-H1 did predict all-cause mortality after cystectomy on univariate and multivariate analysis for patients with organ-confined disease. As our institution serves as a tertiary referral center, patients are often followed locally after undergoing cystectomy; therefore, although vital status may be reliably established, determining the cause of death through documentation such as death certificates can be much more problematic, and has been shown to introduce error into the reporting of cancer mortality rates (43) . Here, for example, in 21 of 74 (28.4%) patients with organ-confined disease who were reported to have died after radical cystectomy, but in whom death was not attributed to UCC, the cause of death was unknown. As such, previous studies that have used databases from large referral centers or population-based registries to explore the effect of neoadjuvant chemotherapy (44) or the extent of lymphadenectomy (45) on survival after radical cystectomy have used overall mortality as a primary end point as well. Overall, then, we believe that demonstrating the association of B7-H1 expression with death from any cause does, pending external validation, provide valuable initial data regarding the potential use of this molecule as a biomarker in UCC of the bladder.
Defining the mechanisms that underlie the observed immune dysfunction in patients with UCC may also help identify the optimal candidates for intravesical instillation of BCG. That is, although BCG treatment in bladder cancer is considered among the most successful examples of immunotherapies to date (46) , f30% of patients initially fail to respond, and up to 74% of those patients who do respond to BCG ultimately relapse (47) . Therefore, it has been proposed that certain populations of UCC cells may possess mechanisms that protect them from immunotherapy (48) . As such, one previous investigation noted lower levels of ligands for natural killer cells in BCG-resistant bladder tumors, and suggested that analysis of the expression of these ligands may be used as a predictive assay for BCG response (48) . We noted here a significantly decreased expression of B7-H1, and increased expression of B7-H3 and PD-1, in the specimens from patients who had received BCG before cystectomy. With the shown effects of coregulator expression on T-cell function, we believe that further evaluation of a role for these molecules in determining patients' response to BCG, ideally conducted in a prospective setting, is warranted.
In addition to the potential role of T-cell coregulators as biomarkers in UCC, these molecules may also represent promising targets for antitumoral immunotherapy. Indeed, previous experience with in vivo blockade of the T-cell costimulatory receptor CTLA-4 has provided compelling evidence of the value of abrogating inhibitory T-cell signaling with immunotherapy (49, 50) . Moreover, in vivo blockade of B7-H1 has been shown to potentiate antitumor T-cell responses directed against immunogenic murine tumors expressing B7-H1 either endogenously or after B7-H1 gene transduction (9, 15, 26) . Thus, targeting these ligands to enhance host antitumor immunity may prove useful, either alone or in combination with current conventional UCC therapies, to improve the effectiveness of bladder cancer treatment.
We acknowledge that this study represents an evaluation of the expression pattern of T-cell coregulatory molecules, and, as such, further preclinical investigation is required to establish functionality of this pathway in UCC of the bladder. The potential shortcomings of immunohistochemistry, including dependence upon fixation techniques and variability of interpretation, are noted as well. In addition, we recognize the limitations of retrospective data analysis as done here. Nevertheless, we show a strong association of B7-H3 expression with UCC, as well as significant correlations of B7-H1 and PD-1 expression with localized stage progression. Moreover, we found that B7-H1 predicts survival after cystectomy for patients with organ-confined disease on longterm follow-up. Thus, we believe that aberrant T-cell coregulatory molecule expression may have important diagnostic, prognostic, and potentially therapeutic implications for patients with UCC.
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